Background: Little is hitherto known about the breeding ecology of the Tibetan Partridge (Perdix hodgsoniae) which is endemic to the Tibetan plateau. Here we describe nest densities, inter-nest distances and general nest site characteristics in this gallinaceous bird species and explore the possibilities that certain shrub and plant types are preferred as nest surroundings. Method: A total of 56 nests were found over three breeding seasons near Lhasa, Tibet. Nest site characteristics were compared with random control plots and the proportions of specific plant species covering nests were compared with their estimated general occurrence in the study area. Results: Nest density in the two years with highest search effort was estimated at 1.43/km 2 and 1.04/km 2 but was clearly higher in the part of the study area facing north (1.86-2.35/km 2 ) than that facing south (0.11-0.34/ km
Background
Choosing a proper nest site is critical to breeding birds because characteristics of such sites may influence risks of predation (on both parents, eggs and young in the nest; Martin, 1993; Eggers et al. 2006; Lima, 2009) , parasite infection (Larison et al. 1998; Loye and Carroll, 1998) , and nest destruction (e.g. by flooding or trampling by mammals in ground nests; Montevecchi, 1978; Koerth et al. 1983; Beintema and Müskens, 1987; Storey et al. 1988; Paine et al. 1996; Watson et al. 2006 ). The nest site may also have influence on environmental conditions for embryo development and energetic costs of incubation in parent birds (Deeming, 2002; Kim and Monaghan, 2005; D' Alba et al. 2011 ). Hence, birds should be selected for choosing nest sites in relation to these factors that could have an influence on their life histories (Martin, 1995) . Since the relative importance of factors which could affect breeding success varies geographically, between habitats and in relation to a species' ecology there is a considerable inter-specific variation in avian nest site preferences (e.g. Martin, 1995) . Studies of nest habitats are essential both to improve our understanding of how such variation evolved, to gain insight into a species' basic breeding biology and for conservation purposes.
Traditionally little was known about the nesting biology of birds breeding on the Tibetan Plateau. Although recent studies considerably increased our knowledge about this alpine bird fauna (Lu et al. 2010 and references therein), there is still a lot to learn about many Tibetan bird species. One example is the Tibetan Partridge (Perdix hodgsoniae), a gallinaceous bird endemic to the Himalayas. This species occurs commonly and widely distributed across the Tibetan Plateau on altitudes between 3600 m and 5600 m (Johnsgard, 1988; del Hoyo et al. 1994; Madge and McGowan, 2002; BirdLife International, 2014) . The species' breeding biology is scarcely known, but males are apparently territorial and socially monogamous (Lu et al. 2003) . Nests are built on the ground, eggs are laid in MayJuly and only females incubate (del Hoyo et al. 1994; Lu et al. 2003; Dorge, 2014) . Nests are said to be typically found within Caragana shrub (Madge and McGowan, 2002) . A more detailed study by Lu et al. (2003) showed that the species prefers to nest in patches of low shrub, and sparse, secondary plant cover, but no further information about plant species was given. Nests were often located close to paths, perhaps making it easier for the incubating hen to flee the nest if potential predators appeared (Lu et al. 2003) . To our knowledge, quantitative assessments of nest plant preferences and data on spatial distribution of nests are not previously reported in this species.
The purpose of this study was therefore to expand upon the study by Lu et al. (2003) and increase our knowledge about the breeding density and nest habitat in the Tibetan Partridge. We describe nest densities, inter-nest distances and general nest site characteristics.
Thereafter we explore the possibilities that the species prefers to nest in certain types of shrub and if it prefers certain plants as nest cover. For instance, if nest concealment and protection from predators is important in nest-site selection, thorny and/or dense bushes may be selected as nest concealment (Martin, 1993; Filliater et al. 1994; DeLong et al. 1995; Tryjanowski et al. 2000; Remeš, 2005) . Further, grazing livestock, particularly Yak (Bos grunniens), were common in our study area. We therefore tested if partridges tended to nest away from grazed areas by comparing the densities of yak dung around nests with random samples. Finally, the highaltitude Himalayan environment is relatively cold for breeding birds, especially in early spring. We therefore checked if nests were located at microclimatic favorable spots.
Methods

Study area
The study was carried out at Tukchak in Gyama valley, Meltrokongkar county, Tibet (29°41.095'N, 91°40.423´E) in 2005, 2009 and 2010 . Here, the average annual temperature was 6.5°C and annual precipitation was about 600 mm in the period 2000-2007 (data from the Meltrokongkar county meteorological station). The study area is situated at an altitude of approx. 4100-5000 m and consists of a valley with two major hill sides facing towards north and south. The south-facing slope is steeper, dryer and warmer than the north-facing slope. In between were some smaller slopes facing in a more easterly or westerly direction. Vegetation in these slopes largely resembled that of the north-facing slope. A representative part of the north-facing slope where we located most nests is shown in Figure 1 .
In June 2005, before most nests were found, we carried out a basic vegetation survey in the study area in an attempt to get a general overview of the plant species that Figure 1 Breeding habitat of the Tibetan Partridge. A part of the north-facing slope where nests were found in Gyama valley near Lhasa, Tibet.
grew there and their density. This was done in 12 squares in each of the south-and north-facing slopes (i.e. a total of 24 squares). The vegetation survey followed two transect lines situated at the approximate centre-lines of the slopes and stretching from the bottom of the valley and up towards the highest point. The surveyed squares were distributed along these transect lines with neighbouring points being separated by approximately 100 meters of altitude, as indicated by a Garmin eTrex® GPS. Within each square we measured densities of shrub and herbs within areas of 5 × 5 m and 1 × 1 m, respectively. Six species of shrub were recorded on the north-facing slope, of which the most common were Rhododendron primulaeflorum, R. nivale, Salix oritrepha and Potentilla fruticosa. This differed markedly from the southfacing slope where we recorded seven species of shrub and where the species Spiraea tibetica, Potentilla fruticosa, and Sabina pingii dominated in numbers. Bush density (number of bushes/25 m 2 ) was higher on the north-facing slope than on the south facing slope (north-facing slope: 12.58 ± 6.3, south-facing slope: 9.07 ± 5.90; two-sample t-test: t = 2.34, df = 22, p = 0.03). Thorny bush species were mainly distributed on the south-facing slope and included Rosa sericea, Berberis hemleyana, Caragana maximovicziana and C. jubata. In total 31 species of herbs were recorded in the north-facing slope and 28 species in the south-facing slope, of which 16 species occurred in both slopes. There were no significant differences in herb densities (number of individual plants/m 2 ) between north-facing and south-facing slopes (north-facing slope: 30.99 ± 122.71, south-facing slope: 14.10 ± 52.5; two-sample t-test: t = 0.91, df = 22, P = 0.37).
Gyama is one of the most important animal husbandry regions for Lhasa Prefecture and the study area has probably been used by grazing livestock for a very long time. Major livestock today are horses, yak, sheep, goat and cattle. Some wild mammals are also commonly grazing in the area, for instance Blue Sheep (Pseudois nayaur) and White-lipped Deer (Cervus albirostris) which both have considerable populations in the region. The lowermost parts of the study site mainly consisted of farming areas in which major crops included barley, spring wheat, bean, colza, potato, and some vegetables. Mammalian predators in the study area included Siberian Weasel (Mustela sibirica), Red Fox (Vulpes vulpes), Tibetan Sand Fox (V. ferrilata), and Lynx (Felis lynx). Common avian predators are Magpie (Pica pica), Raven (Corvus corax), Golden Eagle (Aquila chrysaetos) and Sparrowhawk (Accipiter nisus).
Field procedures
We searched for nests from late April to late June each year. Except in 2005, when field work was less intensive, we searched systematically for nests across the whole study area with the assistance of 5-10 local people. Nest searches were carried out twice a week. We divided the study area between hillsides east and west of the main river (Gyama puchu) and scheduled two days on the east side and one day on the west side (with farmland) to cover the complete area. From the foot of slopes, or edges of farmland, nest searchers walked through the terrain with approx. 100-200 m distance (depending on the number of participants) and searched carefully for nests up to the top of slopes (or to the opposite edge of the farming area). Nests were found by flushing incubating females or by using sticks to lift vegetation and uncover nests which were left unattended. Presence of Tibetan Partridges was revealed by calling males in early spring and gave an indication of where nests would be situated. We did not observe Tibetan Partridges outside nest areas which would have indicated that some nests were overlooked. Nevertheless, it should be noted that, despite the large nest-searching effort, we cannot exclude the possibility that some nests were left undetected by us. The nest densities and nearest neighbour distances reported in this paper should therefore be considered minimum and maximum estimates, respectively. Nests were marked with small pieces of coloured plastic or cloth at a distance of 10 m. In order to minimize disturbance, all nest-site characteristics were recorded after a clutch was completed or following depredation or desertion. We recorded the nest's geographical location and altitude with the GPS. Slope aspect (direction) and degrees of inclination were recorded using a compass.
To measure areas of the study site we first used the ruler tool in Google Earth to outline the whole study area and each habitat category. From the resulting aerial photo we used the software Adobe Photoshop CS5 Extended to measure areas. Distance was calibrated from the scale automatically generated by Google Earth. In this way we found the total study area to cover 22.9 km 2 (10.2 km 2 of north-facing slopes, 11.4 km 2 of southfacing slopes, 1.2 km 2 of farming area and 0.05 km 2 of two small villages). In calculations of nest density we considered a marginal area of 2.6 km 2 of the southfacing slope to be unsuitable habitat for the Tibetan partridge because there were almost no bushes growing there. In line with this assumption we did not record any nest in this area. The villages were also considered unsuitable breeding habitat for the species. Consequently, when calculating nest densities we use an area of 20.3 km 2 .
We sampled data on the general habitat within a 5 × 5 m square around each nest, with the nest located in the centre. Within each of these squares we estimated percentage of bare ground and counted the number of plant species and the number of yak dung. We used the latter as a crude proxy for grazing intensity in our analyses. Both fresh and old dung was present in the nest areas but since we did not separate between them it is possible that the density recorded by us differed from the density experienced by the partridges prior to nest building. Yet, if trampling risk is important in nest site selection, the partridges may well use other cues than dung density to assess grazing intensity. It is therefore unknown whether varying dung age would bias the results in any way. The proportion of vegetation cover within each square was estimated by sight. Vegetation height (cm) in the nest area was defined as the average of five measurements: in the centre and in each corner of the 5 × 5 m sample areas. For each nest we recorded the species of plant that covered it and measured the plant's height and basal area. The latter was defined as length × width of the widest part of the foliage. For each nest we estimated the proportion that was covered by the foliage when viewing the nest from above (hereafter 'foliage cover'). We also measured the distance between nests and the nearest path or track. These were typically made by grazing animals and were distributed fairly evenly throughout the whole study area. To see if nest placement was non-randomly associated with variables of the nest habitat, we compared nest site information with similar data from control sites located 100 m from the nests in both a southern and a northern direction. At these two sites we located the nearest plant of the same species as the one which covered the focal nest and used it as a control plant. To get a comparable measure for foliage cover we here estimated how much of the nest would have been covered by the control plant if the nest was located at an equal position as for the nest plant, both with regard to distance from plant stem and direction. The control plant was also used as the centre point for a 5 × 5 m control plot. We used the mean value of the two control measurements in analyses, making sample sizes equal among nest samples and control samples.
Distances between nests were measured to the nearest 1 m using a Nikon Laser 1200 range finder. A FLUKE® digital thermometer was used to record soil temperature at a depth of seven cm from the surface within five cm from the rim of the nest cup, or from the stems of the control plants. We measured soil surface temperatures in the shade by placing the temperature sensor directly on the surface, whereas air temperature and relative air humidity was measured in the shade one meter above ground. For the latter we used a CEM DT-616 CT professional temperature-humidity meter. Soil humidity was measured from samples collected at random 10 cm away from the nest or at the same distance from the stem of the control plant. We weighed soil samples immediately upon sampling and again after being dried at 40°C for 50 hours. Soil humidity is defined as the percentage of mass lost from the original sample during drying. Since sampling of microclimatic data was not done at the same time these data could be biased by seasonal progress. Therefore we only analyse microclimatic data by paired comparisons in which the pairs of data from nest and control areas were taken at the same time. Measurements and recordings of all data were done by the same person (TD) in all three breeding seasons.
Data analyses
Statistical analyses were conducted using R version 2.11.1 (R Core Team 2010). To explore if a bush species was over-or under-represented as nest cover we used a modified version of Ivlev's electivity index (Ivlev, 1961) :
Here E i is the electivity index for species i, r i indicate percentage of species i in sample of nest bushes, and n i indicate percentage of bush species i available in the study area. The latter was estimated from the 24 samples collected in the general vegetation survey in the study area (see above). The value of E i varies between −1 and +1. Positive values indicate a preference for the plant in question, whereas negative values indicate avoidance.
We here limited our investigation to focusing on bush species covering the nests and therefore excluded three nests placed below herbs in the calculation of electivity indices. In addition, two nests were placed below a mixture of R. primulaeflorum and P. fruticosa but where the former was the dominant species. Hence, we treated these nests as being covered by R. primulaeflorum. Similarly, one nest found under a mixture of R. sericea and S. pingii was treated as covered by R. sericea.
We also tested statistically if a given plant species was over-or under-represented as nest cover. We then compared the proportion of nests covered by that plant with its availability in the study area (the estimated proportion of all bushes from the general vegetation survey; see above. In these cases we used a Chi-square test with Yates' continuity correction or, when any of the cells in the 2 × 2 table were smaller than 5 (Siegel and Castellan, 1988 ), Fisher's exact test. Paired t-tests were used to test for differences between nest samples and control samples. Averages are given with standard deviations and all tests are two-tailed with alpha = 0.05.
The study adhered to international guidelines for the treatment of animals in behavioural research (ASAB 2012). 
Results
Spatial distribution of nests
Vegetation at the nest sites
A total of 11 plant species were recorded as nest cover (eight bush species and three herb species; Table 1 ) but 61% of the nests (34/56) were placed beneath Potentilla fruticosa, a small deciduous shrub. When excluding the three nests found below herbs, P. fruticosa was used significantly more often as nest cover than one should expect from its estimated abundance in the study area (17% of all bushes; X 2 = 22.5, df = 1, p < 0.001; Figure 3 ). In contrast, only 7.2% of the nests were placed below a thorny bush (R. sericea: 3.6%, C. maximovicziana: 1.8%, B. hemleyana: 1.8%). Some plants had strongly negative electivity indices, indicating that they were avoided as nest cover. This was most notable for Rhododendron nivale, Caragana jubata and Cotoneaster microphyllus which all had an electivity index of −1. However, only R. nivale was significantly less common as nest cover than expected from its abundance in the study area (Fisher's Exact Tests: p = 0.006; C. jubata: p = 1, C. microphyllus: p = 0.5). The bush species S. tibetica had an electivity index of −0.76 which also indicates avoidance, but this was only nearly significant (Fisher's Exact Tests: p = 0.07). No other species (e.g. S. oritrepha, S. pingii, R. sericea, R. primulaeflorum, C. maximovicziana and B. hemleyana) were more or less common as nest cover than expected from a random distribution (p = 0.36-1.0).
The basal areas of nest-covering bushes or herbs were wider than in control plants (3696 ± 4617 cm 2 and 1930 ± 1297 cm 2 , respectively; t = 2.76, df = 110, p = 0.007) and such a difference was also evident in foliage cover above nests (nests: 64.8 ± 15.7%; controls: 38.9 ± 11.4%; t = 10.0, df = 110, p < 0.001). However, height of the nest covering bush did not differ from control bushes (nests: 56.7 ± 23.3 cm; controls: 55.9 ± 19.5 cm; t = 0.2, df = 110, p = 0.84). The most common shrub species within the 5 × 5 m squares surrounding nests were P. fruticosa, R. primulaeflorum, R. nivale, S. oritrepha and S. tibetica. Overall, these species constituted approx. 78% (13.5-18.0%) of the recorded bushes (Table 1) . As shown in Table 2 , total vegetation cover differed significantly between nest areas and control areas. When looking separately at herbs and bushes, nest areas showed a significantly lower herb cover than control sites while the opposite was true for bush cover. Moreover, the percentage of naked ground was lower around nests than in the control samples. There were no significant differences between nest areas and control areas in vegetation height or vegetation diversity (number of plant species).
Other nest site characteristics and microclimatic conditions
The average inclination of nest sites was 19.6 ± 8.6°(range 10°-50°, n = 56), which did not differ from control sites (21.0 ± 5.2°; range 7.5°-35°; t = −1.02, df = 110, p = 0.3). Nests were situated closer to paths than the random control plots (nests: 7.2 ± 10.2 m, range 0.5-54, n = 56; controls: 16.3 ± 19.8 m, range 1.5-115, n = 56; t = −3.04, df = 110, p = 0.003). As we expected if nest sites were chosen to avoid trampling, the number of yak dung was significantly lower around nests than in control samples (nest areas: 1.9 ± 1.7, range 0-8, n = 56; control areas: 3.4 ± 1.8, range 0-9, n = 56; t = −4.48, df = 110, p < 0.001).
Soil temperatures at the nests were significantly lower than in control samples (nests: 14.1 ± 3.5°C, controls: 15.7 ± 2.3°C; t = −2.72, df = 110, p < 0.001). However, there were no differences between these two samples in soil humidity (nest: 43.8 ± 22.6%; controls: 39.9 ± 18.1%), relative air humidity (nest: 44.9 ± 17.1%; controls: 48.6 ± 14.9%), air temperature (nest: 21.7 ± 4.6°C; controls: 22.2 ± 4.1°C), or soil surface temperatures (nest: 18.5 ± 6.8°C; controls: 20.3 ± 5.6°C; p = 0.14-0.60, n = 56 for both nest and control samples in all cases).
Discussion
We found that nest sites of the Tibetan Partridge were associated with several habitat aspects, most notably the composition and characteristics of plant species. In contrast to the description by Madge and McGowan (2002) , Caragana shrub was not an important part of the nest habitat in our study area. However, the two Caragana species that we recorded only constituted a small proportion of the total shrub flora in the study area and it is possible that Caragana shrub is more frequently used as nest habitat where such plants are more abundant. Nest sites also sometimes differed from our initial predictions based on adaptive hypotheses for nest site selection. Hence, this study adds some considerable new information about the breeding ecology of Tibetan Partridges. Assuming that thorny bushes protect the nests from predators, we expected that Tibetan Partridges should prefer to nest in such shrub. However, the only plant species more often than random chosen as nest cover was the flowery shrub P. fruticosa. In our study area, thorny bushes were mainly distributed on the southfacing slope of the study area where only a small proportion of nests (7/56) were found. This could either be an effect of birds avoiding areas with thorny bushes in general or that there were other unknown habitat characteristics, independent of the thorny bushes, which made the south-facing slope less suitable as nesting area. Compared with R. nivale which was clearly avoided as nest cover, or many other bush species in the study area, we are unable to point out any obvious differences in qualitative properties that would make P. fruticosa superior as nest cover. Hence, we can only speculate on the advantages of placing nests under this plant. One possibility is that the incubating hen's plumage generally makes a better camouflage when situated below P. fruticosa than below other plants. For instance, in a related species, the Grey Partridge (Perdix perdix), the preferred nest habitat contains much dead grass and leaf litter which probably makes the incubating hen hard for predators to see and thus has a positive effect on nest survival (Rands, 1988 , Potts, 2012 . A possible reason for this is that the substrate of the nest surroundings is used for covering eggs during the laying period, thus reducing their visibility (Rands, 1988) . Such egg covering occurs also in Tibetan Partridges (own unpublished data) and it is possible that more substrate for egg covering is available below P. fruticosa.
Several findings in this study indicate that Tibetan Partridges prefer nest sites in relatively dense vegetation. The proportion of shrub cover was higher and herb cover lower around nests than in control areas, and the nest bush's basal area was larger in nest-covering plants than in control samples of the same plant species. These findings are in accordance with the hypothesis that birds select nest sites according to the potential for nest concealment. Hiding the nests for predators should be of utmost importance to most birds, and with a clear selective advantage due to the positive effect on survival in eggs, chicks and incubating parents (Martin, 1993) . Studies looking for positive effects of placing nests inside or below dense foliage have provided mixed results, though, and it is possible that also other factors such as parental behavior and the composition of the predator community work and interact in producing nest predation risks (Dion, et al. 2000; Remeš, 2005; Lima, 2009) . Hence, more studies are warranted in the Tibetan Partridge to see if nest plant characteristics and nest cover influence predation risk in the species.
The finding that Tibetan Partridges nested in vegetation rich areas might appear to contradict Lu et al. (2003) who reported that nest site vegetation was sparser than in control sites. We note that most nests in our study were situated on a north-facing slope with richer vegetation than in the south-facing slope studied by Lu et al. (2003; pers. obs.) . Hence, it is possible that the composition of plant species differed in the two study (Johnsgard, 1988) are exceptional. As discussed above for nest plant properties, preference for dense shrub might be adaptive by reducing nest predation risks. However, the picture could also be more complicated. For instance, hiding the nest in dense vegetation may impede visibility for the incubating bird and thus make it more vulnerable to approaching predators (Götmark et al. 1995; Burhans and Thompson, 2001; Magaña et al. 2010) . Evidence for this hypothesis comes from another gallinaceous species, the North-American White-tailed Ptarmigan (Lagopus leucurus), where well-concealed nests are less often detected by predators but more risky for incubating females (Wiebe and Martin, 1998) . Moreover, nest sites which are optimal in terms of predation risk may provide sub-optimal thermal conditions (Marzluff, 1988; Amat and Masero, 2004; Eggers et al. 2006) . Finally, Tibetan Partridges typically escape a potential danger by running on the ground (Madge and McGowan, 2002; pers. obs.) and a critical characteristic of the nest habitat may therefore be that there is enough room for the birds to run in without drawing attention. Two of our findings could indicate that grazing animals influenced nest site selection in the Tibetan Partridge. First, in accordance with Lu et al. (2003) we found that nests were situated closer to paths made by such animals than expected from a random distribution. This could not result from sampling bias, since nest searching was not restricted to areas along paths. In fact, the main direction of nest searches went from the bottom to the top of hill sides, crossing paths which generally ran more perpendicular to the slope directions. Female partridges may enhance reproductive success and own survival by securing easily accessible escape routes on paths in the case of approaching predators (Lu et al. 2003 ). As mentioned above, openings in the nest shrub may also secure better views of the surroundings so that incubating females get more time to react to any potential threats (Götmark et al. 1995) . However, it is likely that nests situated too close to a path would be easier for predators to find, so there may be an optimal distance within which nests should be placed. Second, the amount of yak dung at the control sites was significantly higher than in nest patches, possibly indicating that nest sites were selected in relation to trampling risk. However, we cannot rule out other possible explanations for this pattern, for instance that protection from yak is simply a secondary benefit of nesting in relatively dense shrub and that e.g. reducing predation risk is the main factor determining nest site choice. We observed nest trampling by Yak in one of the nests in this study (unpublished data) , showing that it is a possible threat for ground nesting birds in this region. However, the sample is limited and more investigations on trampling of bird nests in pastoral landscapes of the Himalayas would be useful.
Of the examined microclimatic factors, the only one that differed between nest sites and control sites was soil temperature which was lower in the former. This could perhaps be explained by the denser vegetation around nests which shaded the ground. Since our measurements are only snapshots of the temperature and humidity conditions, it is possible that more detailed monitoring would have revealed additional differences in microclimate around nests. Also, our assumption that birds would select warmer nest sites may be wrong. The lower density of nests on south-facing slopes could for instance have been caused by a presumably warmer climate there than on north-facing slopes. Even if climatic conditions per se may not be critical for the birds, reduced evapotranspiration, generally higher humidity and colder air could have caused better conditions for vegetation growth on the north-facing slope Kutiel (1992) resulting in a more favorable partridge habitat there.
Conclusions
Our findings indicate that the opportunity for nest concealment is an important quality of the nest habitat in Tibetan Partridges, yet it is unclear why the species should prefer P. fruticosa as nest cover. Nest sites may be chosen to secure escape exits in the case of approaching predators and it is also possible that birds choose nest sites where the risk of trampling by livestock is redeuced. Finally, Tibetan Partridges may select nest sites according to micro-climate, either directly or indirectly through climate-related differences in shrub vegetation. Both microclimate and vegetation could explain why more nests were found on the north-facing slope in this study, but comparisons of nest density should be done for more than one pair of slopes to see if this is a general situation in the species.
